INTRODUCTION
Body coloration can influence the fitness of animals through its effects on thermoregulation (ClusellaTrullas, van Wyk & Spotila, 2009) , predation avoidance (Endler, 1978; Cooper & Greenberg, 1992; Merilaita & Lind, 2005; Stuart-Fox, Moussalli & Whiting, 2008) or social status (Stuart-Fox et al., 2006a; . Changes in any environmental factor affecting these functions will likely elicit concordant changes in coloration. Such adjustments can occur over different time scales and may be genetic or plastic. Several studies have demonstrated that the frequency of colour morphs may change dramatically in response to environmental variation, and these studies have become text book examples of adaptive evolution (Kettlewell, 1973; Endler, 1980) . However, many animals change colours within the lifetime of a single individual, over time scales that vary between seconds and years. Ontogenetic changes in body coloration are often irreversible and are considered to reflect age-dependent variation in thermal ecology, vulnerability to predation, reproductive status or habitat use (Booth, 1990; Brodie, 1993; Garcia, Straus & Sih, 2003; Hawlena, 2009) . Seasonal variation in body coloration typically occurs in animals with a distinct reproductive season (Carretero, 2002; Germano & Williams, 2007) , or in species living in habitats where background colours (Wente & Phillips, 2005) or the thermal environment (Fields & McNeil, 1988) change with the time of year. Many taxa have independently evolved the ability to modify body colour over a period of seconds or minutes. These spectacular, rapid changes are generally associated with intraspecific communication (Adamo & Hanlon, 1996; O'Connor, Metcalfe & Taylor, 1999) or background matching (Osorio & Vorobyev, 1997) , although they may also serve thermoregulatory purposes (Brown & Sandeen, 1948) .
The environmental context and functional significance of rapid colour changes have been studied extensively in cephalopods (Messenger, 2001; Hanlon, 2007) , crustaceans (Hemmi et al., 2006) , fish (O'Connor et al., 1999; Mäthger et al., 2003; Moretz & Morris, 2003) , and amphibians (Nielsen, 1980; Kats & Van Dragt, 1986; King, Hauff & Phillips, 1994; Wente & Phillips, 2003; Stegen, Gienger & Sun, 2004) , but have received comparatively little attention in reptiles. Even in chameleons, famed for their abilities to change colour, the ecological settings triggering physiological colour changes only recently drew rigorous scientific attention (Stuart-Fox & Ord, 2004; StuartFox et al., 2006a; Stuart-Fox, Whiting & Moussalli, 2006b; , 2009 . This is surprising because lizards have long been known to be capable of physiological colour change (Lowe & Norris, 1956; Waring, 1963; Cooper & Greenberg, 1992) .
Rapid colour change in reptiles has been associated with thermoregulation, background matching, and communication. Several North American teiid and phrynosomatid lizards (Sherbrooke, Castrucci & Hadley, 1994; Rosenblum, 2005) have darker dorsal colours when cold compared to when warm, suggesting that colour change may function in thermoregulation. Biophysical theory predicts that darker animals will heat faster and reach higher body temperatures than paler animals (Bakken & Gates, 1975) and thus will have a thermal advantage when environmental temperatures are low. This idea is corroborated by empirical studies in several taxa (Brown & Sandeen, 1948; Watt, 1968 Watt, , 1969 de Jong, Gussekloo & Brakefield, 1996) , although the evidence that the thermal effect is ecologically relevant is mixed in reptiles (Pearson, 1977; Gibson & Falls, 1979 ; but see also Forsman, 1995; Tanaka, 2007) . Fast colour changes in agamids and iguanians are usually associated with thermoregulation or camouflage (Cooper & Greenberg, 1992) . By contrast, in dwarf chameleons (Bradypodion), the ability to change colours is primarily driven by selection for conspicuous signals used in social interactions, and not (as popularly assumed) by a need for camouflage . In short, the contexts and incentives for rapid colour change appear variable and, in general, remain poorly understood in reptiles.
During a field study in Italy, we noticed that specimens of the Moorish gecko, Tarentola mauritanica (Linneaus, 1758), appeared darker during day than at night. In the present study, we examined whether this small climbing gecko indeed changes its colour under particular environmental conditions. We measured reflectance spectra under different conditions of temperature, light, and background colours, aiming to establish the functional meaning of the colour change.
MATERIAL AND METHODS

STUDY SPECIES AND AREA
Tarentola mauritanica is a medium-sized (adult snout-vent length 45-85 mm) gecko that can be found on rock cliffs, stone walls, and buildings in coastal regions of the European Mediterranean. Although primarily nocturnal, it is often seen basking and foraging during daytime (Schleich, Kästle & Kabisch, 1996; Guarino & Picariello, 2006; Vroonen & Vervust, pers. observ.) . Depending on local conditions of food availability and predatory pressure, Moorish geckos forage widely (Hódar et al., 2006) or adopt an ambush strategy (Seva, 1988; Gil, Pérez-Mellado & Guerrero, 1993; Pérez-Mellado, 1994 ) to obtain prey (mainly arthropods, Hódar et al., 2006) . Potential predators include mammals (e.g. cats, Mustela nivalis, Genetta genetta), birds (corvids, raptors), and snakes (e.g.
Coluber hippocrepis, Coronella girondica).
In April 2011, ten adult geckos (we did not differentiate between females and males) were caught by noose at Cilento (40°15′N, 14°54′E), Italy. The site of capture is located near the coast in the Salerno province and the vegetation there is typical of Mediterranean pine forest. During field work, we repeatedly observed specimens of raven (Corvus corax), carrion crow (Corvus cornix), kestrel (Falco tinnunculus), peregrine falcon (Falco peregrinus), and little egret (Egretta garzetta) during the daytime, as well as barn owls (Tyto alba) and little owls (Athene noctua) at night. These visually hunting birds have been shown to feed on Tarentola species (Nogales & Hernandez, 1994; Constantini et al., 2005; Sommer et al., 2005) .
The geckos were transported to our laboratory at the University of Antwerp, Belgium (for details permit, see Acknowledgements). Outside experimentation, the animals were housed with five individuals in terrariums (120 ¥ 50 ¥ 70 cm). The terrariums were placed under a 12 : 12 h light/dark cycle with an air temperature of approximately 25°C. Water and food (Acheta domesticus crickets dusted with vitamins and calcium) were provided ad libitum. Each gecko was given a unique small dorsal paint mark (nontoxic uni Posca paint marker; Mitsubishi Pencil Co.) to allow individual recognition.
EXPERIMENTAL PROCEDURES
We quantified the dorsal colour of lizards exposed to different backgrounds (white, grey, and black), light conditions (lights on and off) and temperatures (lights on 15, 20, 25, 30, and 35°C; lights off 10, 15, and 20°C) . At the start of an experiment, a gecko was placed individually in a smaller terrarium (15.5 ¥ 25 ¥ 18 cm). Two adjacent sides and the bottom of this terrarium were covered with paper (white, grey or black). The other two sides were transparent. The terrariums were then placed in a large incubator (Mir253; Sanyo), set at the desired temperature. Light conditions were controlled by switching the incubator's lights on or off. Under dark conditions, the glass window in the incubator was shielded to prevent any light coming in. Test temperatures, as used in the present study, are based on environmental temperatures encountered by the lizards in their natural habitat during spring (Vroonen & Vervust, pers. observ., unpubl. data). Different ranges of temperature were used in the dark and light treatments because temperatures experienced by geckos in the wild also differ between daytime and night-time. The gecko remained in the incubator for 1 h and, immediately thereafter, its colour was measured. A pilot experiment, measuring colour change after 1, 2, 3, and 4 h under experimental conditions, showed that little change occurred after 1 h of residence (data not shown). The order of temperature, light, and background colour treatment was randomized.
COLOUR MEASUREMENTS
All reflectance spectra in the present study were measured with an Avantes spectrometer (AvaSpec-2048-USB2-UA-50, range 250-1000 nm). The probe was held perpendicular to the surface. The measurements were expressed relative to a white reference tile (WS2; Avantes).
Natural and experimental background reflectance
We determined the reflectance spectra of the paper sheets, used as backgrounds in the experiment, by averaging measurements at three spots distributed over a sheet. Between the papers, the reference tile was measured.
Additionally, we measured the reflectance of three substrates that were frequently used by the geckos in their natural habitat: the bark of olive trees (N = 10), stone walls (N = 25), and painted cement walls of buildings (N = 20). Every stone and every piece of bark was measured at three different spots. The reflectances between 300-700 nm were averaged per substrate type.
Lizard reflectance
We assessed the geckos' dorsal coloration by averaging the reflectance at six positions: on the head; dorsal, between the fore limbs; mid-mid on the dorsum; lateral (both left and right), and dorsal, between the hind limbs (Fig. 1) . The reference tile was measured between each individual. When assessing the colours of the geckos from the dark treatment, lights in the room were turned off, except for one small bulb in a distant corner. This allowed the exclusion of a possible immediate effect of light on body coloration. The mean dorsal reflectance was calculated for every individual between 300-700 nm. Consequently, the mean reflectance was summarized over 10-nm bins prior to the principal component analysis (Grill & Rush, 2000; Macedonia, Brandt & Clark, 2002; López, Gabirot & Martin, 2009 ).
STATISTICAL ANALYSIS
All the statistical analyses were carried out in SAS, version 9.2 (SAS Institute). Principal component analysis (PCA) was used to summarize the reflectance spectra. The multipeaked nature of the spectra is reflected by the coefficients of the PCA (Fig. 2 ) (Cuthill et al., 1999) . The eigenvalues were calculated from the correlation matrix. Only the components with an eigenvalue > 1 were maintained. The first principal component (PC) usually represents brightness variation in analyses of spectral data and subsequent PCs represent colour variation (Cuthill et al., 1999; Macedonia et al., 2002) .
The scores on the first three axes were then compared using a mixed model analysis of variance, with individual as random effect and background, light condition, temperature, and their interactions as factors (temperature nested within light condition). Nonsignificant effects (P > 0.05) were removed from the model in a stepwise backward manner. Posthoc comparisons were made using the Bonferroni correction. Figure 3 compares the reflectance spectra of the backgrounds used in the experiments and those encountered in natural conditions. The experimental black, grey, and white paper sheets exhibited clearly distinct average reflectance values over the entire range of wavelengths considered. The three natural substrates also differed in average reflectance, especially at wavelengths > 500 nm. The average reflectance of olive tree bark was lowest and close to that of the black paper used in the experiments. Natural stone walls and the walls of buildings were much lighter, and had reflectance spectra closer to that of the grey paper. The white sheets of paper had reflectance values that were considerably above that of the subset of naturally encountered substrates, as measured in the present study. PCA of the reflectance measurements performed on the animals yielded three axes that jointly explained 99.06% of the total variation. The first axis (PC1) accounts for 84.63% of the variance among the reflectance measurements. Inspection of the PCA coefficients confirms that PC1 reflects general brightness (Fig. 2) . The second axis (PC2) represents variation in the relative amount of ultraviolet (UV) to longwavelength reflectance. It accounts for 10.62% of the spectral variation. The third axis (PC3) explains another 3.82% of the total variation and reflects the relative amount of reflectance between 350-500 nm (UV and blue range) to both the reflectance between 300-325 nm (UV) and between 550-700 nm (yellow and red range).
RESULTS
The brightness of the lizards (PC1) was significantly affected by the experimental backgrounds, although this effect was dependent on the light condition (interaction effect background ¥ light, F 2,225 = 21.37; P < 0.001). Experimental background colour did not significantly affect the brightness of the lizards' dorsum under dark conditions (lights off) (P > 0.05, pairwise post-hoc analyses). By contrast, the brightness of lizards taken from illuminated terrariums strongly depended on the background colour, with geckos placed on a black background having significantly lower brightness than those on a white (P < 0.001, pairwise post-hoc analyses) or grey background (P < 0.001, pairwise post-hoc analyses) (Fig. 4A-C) . The difference in brightness between lizards taken from white versus grey substrates was not significant (P > 0.05, pairwise post-hoc analyses; Fig. 4C ). When only the effect of the background (F 2,225 = 38.65; P < 0.001) was considered, the same trend was found, namely that the geckos had a lower brightness on the black background (Fig. 4A) . The Moorish gecko also had a lower brightness under simulated daytime conditions (lights on) than under simulated night time condition (lights off) (F 1,225 = 97.25; P < 0.001; Fig. 4B ). Temperature (nested within light) did not affect the scores of the first principal component (F6,219 = 1.95; P = 0.074).
The colour characteristics described by PC2 (UV reflectance relative to reflectance in the yellow and red range) varied significantly with experimental light conditions (F1,223 = 227.38; P < 0.001) and with temperature (nested within light: F6,223 = 6.03; P < 0.001). PC2 scores were always higher for lizards from the dark treatment than for the light treatment (Fig. 4D) . The effect of temperature on the PC2 scores differed between light treatments. Under daytime conditions, no temperature effect was found (P > 0.05, pairwise post-hoc analyses). Under dark conditions, PC2 scores for animals kept at 15°C were significantly lower than those kept at 10°C (P < 0.001, pairwise post-hoc analyses) and 20°C (P = 0.014, pairwise post-hoc analyses) (Fig. 4E) . The effect of experimental background on the PC2 scores was not significant (F 2,221 = 2.95; P = 0.055). Scores of PC3 (the relative amount of reflectance between 350-500 nm to both the reflectance between 300-325 nm and between 550-700 nm) varied significantly with experimental background (F2,221 = 7.99; P < 0.001), light conditions (F1,221 = 20.32; P < 0.001) and temperature (nested within light, F6,221 = 10.84; P < 0.001). Lizards taken from darker backgrounds scored higher on this axis, as did lizards from dark conditions (Fig. 4G, F) . Temperature had no effect on the scores in light conditions (P > 0.05, pairwise post-hoc analyses). In dark conditions, lizards from 15°C had low scores compared to those from 10°C (P < 0.001, pairwise post-hoc analyses) or 20°C (P < 0.001, pairwise post-hoc analyses; Fig. 4H ).
DISCUSSION
The results obtained in the present study show that specimens of the Moorish gecko, T. mauritanica, adjust their dorsal colour in response to changes in environmental conditions. These modifications occur within 1 h. Physiological colour change has been described in many species of Iguania (agamids: Madsen & Loman, 1987; chamaeleons: Stuart-Fox & Moussalli, 2009; phrynosomatids: Zucker, 1994a, b; Carpenter, 1995; iguanas: Norris, 1967 ) and several snakes (Hedges, Hass & Maugel, 1989; Boback & Siefferman, 2010) , although it is known to occur in only a few other squamate taxa (Boback & Siefferman, 2010) . Together with the recent findings reported by Zaidan & Wiebusch (2007) and assertions in the older literature (Atsatt, 1939; Kästle, 1964) , our results suggest that rapid colour change may also be common in Gekkota. Rapid colour change in reptiles has often been associated with thermoregulation. Many diurnal species appear dark when they emerge to bask and blanch as their body temperature rises (Norris, 1967; Pearson, 1977; Hoppe, 1979; Sherbrooke et al., 1994; Rosenblum, 2005) . Darker colours at low temperature are assumed to increase heating rates, thereby shortening the period necessary to reach physiologically optimal body temperatures and increasing available activity times. At high body temperatures, pale coloration may reduce the risk of overheating by decelerating heating rates. However, our experiments do not support the idea that colour changes in T. mauritanica function in thermoregulation. Our lizards did not have lower brightness at low body temperatures, which is the expectation if colour change serves a thermoregulatory function. Effects of temperature on other aspects of coloration (PC2, PC3) were significant only in dark conditions, which is also at odds with the idea that colour changes function in regulating the absorption of solar radiation in a thermoregulation context. Interestingly, Zaidan & Wiebusch (2007) also found no effect of temperature in a qualitative study of colour change in another night active gecko, Hemidactylus turcicus. This suggests that, in contrast to what is seen in many diurnal lizards, colour changes in nocturnal lizards are not implicated in temperature regulation.
Background colour strongly affected the dorsal colour of our experimental animals. Animals kept on a black background had significantly reduced reflectance values over much of the spectral range considered. This suggests that rapid colour change in T. mauritanica may serve an antipredatory function. Background matching has been documented extensively in reptiles, although it almost always involves adjustments over much longer periods (Bundy & Ness, 1958; Norris & Lowe, 1964; Gibsons & Lillywhite, 1981; King, 1992; Macedonia et al., 2002; Bittner, 2003) . Hamilton, Gaalema & Sullivan (2008) observed relatively fast changes in brightness (within days, possibly faster) in ornate tree lizards (Urosaurus ornatus), possibly related to crypsis. Boback & Siefferman (2010) suggested that the daily changes in brightness observed in boas (Boa constrictor) and other snakes (Hedges et al., 1989) may function in concealment. Interestingly, most snakes known to change colours are nocturnal (Boback & Siefferman, 2010) . Dwarf chameleons (Bradypodion) exhibit facultative crypsis: the degree to which their body colours match the background depends on the risk of predation, and even on the type of predator (StuartFox et al., 2006b; . However, a comparative analysis revealed that the evolution of physiological colour change in this genus is largely driven by selection for conspicuous social signals, and not by camouflage .
Substrate colour matching in our study animals was not perfect. We observed a significant darkening of the skin in animals residing on the artificial black substrate, although no difference in skin brightness between animals on grey versus white paper sheets. Comparison of the reflectance spectra of our experimental substrates (i.e. the three kinds of paper) with the spectra of natural substrates suggests that this may be the result of a lack of selection. Most of the 'natural' substrates measured (many of them manmade walls) exhibited spectra intermediate between the grey and black paper sheet. We may have missed very white substrates in the natural surroundings of the geckos, although they are probably scarce and, in addition, might be actively avoided by the animals. Hence, selection on the ability to discriminate among very light substrates or to adjust body coloration to them is likely to be minor. Alternatively, there may be a physical limit to the aggregation of melanosomes around the melanocyt nucleus, constraining the lightening of the skin.
Background matching in T. mauritanica required illumination. In dark conditions, substrate colour did not affect the brightness of the dorsal skin. Possibly, the process of melanin dispersion that causes the darkening of the skin is triggered by light, directly acting on chromatophores or indirectly through autonomic or humoral responses (Cooper & Greenberg, 1992) . A more functional explanation would be that background colour matching might be less important or appropriate at night. Although we do not have quantitative data to confirm this, it is likely that the number of visually hunting predators is reduced at night. In addition, geckos at night appeared to avoid the darker coloured stone walls and olive trees and were primarily seen on the paler walls of buildings (Vroonen & Vervust, pers. observ.) . It is unclear whether this preference serves an antipredatory or a foraging function (or both), although it would further reduce the need for colour change in the dark. More information on the behaviour of geckos and their predators in the field is needed to test these ideas.
Our study animals also showed relatively more UV reflectance (especially in the range 300-325 nm; PC2 and 3) during darkness. Visually oriented predators, such as birds, may use this UV reflectance as a cue for detection. Most diurnal birds are sensitive to light in the UV range and utilize UV light during foraging (Honkavaara et al., 2002; Lyytinen, Lindstörm & Mappes, 2004; Rajchard, 2009; Olofsson et al., 2010) , whereas nocturnal birds, such as owls, probably do not have UV vision (Bowmaker & Martin, 1978; Koivula, Korpimäki & Viitala, 1997) . Lyytinen et al., 2004) found that UV-reflectecting moths were predated more than UV absorbing moths in daytime, although this difference disappeared during the night as a result of the lack of UV-sensitive predators. A similar phenomenon may occur in the Moorish gecko and thus result in a negative selective pressure on UV reflectance during the day, but not during the night.
In many iguanian lizards, physiological colour changes occur during social interactions (Greenberg & Noble, 1944; Cooper & Ferguson, 1973; Madsen & Loman, 1987; . Darker colours are typically associated with aggression, dominance and excitement. Similar changes have been described for two genera of intensely coloured diurnal geckos (Phelsuma and Lygodactylus; Kästle, 1964; Greer, 1967) . Because we performed colour measurements on individuals that had not been in contact with conspecifics for > 1 h, the observed changes in skin coloration in T. mauritanica are unlikely to function in intraspecific communication. We cannot exclude the possibility that handling the geckoes incited some colour change, although this would not explain the differences between background and light treatments. Clearly, colour changes may serve several functions. Physiological colour change in dwarf chameleons evolved to facilitate social signalling and later also proved convenient as anti-predatory device . It would be most interesting to determine whether T. mauritanica undergoes changes in coloration depending on the social context.
In conclusion, we have shown that the Moorish gecko adjusts its body coloration in response to light and background conditions. Light appears to be an essential trigger for physiological colour change. Geckos lowered their brightness according to the background in light conditions. Thermoregulation does not appear to be an important function of physiological colour change in T. mauritanica.
